T he blind closed pleural biopsy (BCPB) has an important role in the study of pleural exudates according to guideline recommendations from different sources (1, 2) . It is an inexpensive, sensitive technique with few complications (3) and does not require great experience (4) . Its major indication is the study of malignant and tuberculous effusions (5) , the two most common causes of pleural exudate in Galicia, Spain (6) , with a higher diagnostic yield in tuberculosis (7) . There does not appear to be any difference in the diagnostic yield between different needles (Abrams or Cope) (8) , and the optimum number of samples required to achieve an adequate diagnostic yield is well established (9) . However, in the past few years, several studies have shown that if the pleural biopsy is guided by an imaging technique (ultrasound or computed tomography), its yield is even better (10, 11) . These data, along with the appearance of other diagnostic procedures, such as pleuroscopy (12) , the superiority of pleural fluid cytology in the diagnosis of malignant effusions (13) , the low prevalence of tuberculous effusions in developed countries (14) and that performing the procedure is not essential in young patients who live in areas with a high prevalence of tuberculosis (15) , has led to questions regarding the use of this technique (16) and is currently the subject of controversy (17) (18) (19) (20) .
The aim of the present study was to determine the diagnostic yield of BCPB in clinical practice in our region, and to assess whether this technique still has a relevant role in the study of pleural exudates.
METHODS
Data were collected from all patients who underwent BCPB performed in the period between January 1, 1999 (the date when the histopathology department database was computerized) and December 31, 2011. The study was performed in a university general hospital in Galicia, located in the northwest of Spain, where the incidence of tuberculosis in 1996 (first year of available reliable data) was 72.3 per 100,000 inhabitants (21) and 28 per 100,000 (22) inhabitants in 2010, with an incidence of tuberculous pleural effusion (TBPE) in 2009 of 4.8 per 100,000 inhabitants (23) . The protocol was evaluated and approved by the Clinical Research Ethics Committee of Galicia (registry 2012/076) before commencement of the study.
The diagnostic algorithm used was that recommended by the Spanish Society of Chest Diseases and Thoracic Surgery (Sociedad Española de Neumología y Cirugía Torácica [SEPAR]) (2) with the difference that, depending on the clinical suspicion, the BCPB was occasionally performed at the same time as thoracocentesis, if pretest clinical oRiginal aRticle ©2013 Pulsus Group Inc. All rights reserved InTRODuCTIOn: The performance of blind closed pleural biopsy (BCPB) in the study of pleural exudates is controversial. ObJECTIvE: To assess the diagnostic yield of BCPB in clinical practice and its role in the study of pleural exudates. METHODS: Data were retrospectively collected on all patients who underwent BCPB performed between January 1999 and December 2011. RESuLTS: A total of 658 BCPBs were performed on 575 patients. Pleural tissue was obtained in 590 (89.7%) of the biopsies. A malignant pleural effusion was found in 35% of patients. The cytology and the BCPB were positive in 69.2% and 59.2% of the patients, respectively. Of the patients with negative cytology, 21 had a positive BCPB (diagnostic improvement, 15%), which would have avoided one pleuroscopy for every seven BCPBs that were performed. Of the 113 patients with a tuberculous effusion, granulomas were observed in 87 and the Lowenstein culture was positive in an additional 17 (sensitivity 92%). The overall sensitivity was 33.9%, with a specificity and positive predictive value of 100%, and a negative predictive value of 71%. Complications were recorded in 14.4% of patients (pneumothorax 9.4%; chest pain 5.6%; vasovagal reaction, 4.1%; biopsy of another organ 0.5%). COnCLuSIOnS: BCPB still has a significant role in the study of a pleural exudate. If an image-guided technique is unavailable, it seems reasonable to perform BCPB before resorting to a pleuroscopy. These results support BCPB as a relatively safe technique. COnCLuSIOnS : La BPFA continue de jouer un rôle important dans l'étude des épanchements pleuraux exsudatifs. S'il est impossible de recourir à une technique orientée par imagerie, il semble raisonnable de procéder à la BPFA avant de procéder à une pleuroscopie. Les présents résultats étayent la relative innocuité de la BPFA.
suspicion was tuberculosis or malignancy, once an empyema or chylothorax was ruled out. The reason was the high prevalence of tuberculosis in the population and the low yield of pleural fluid in its diagnosis. Cases in which the pleural biopsy was performed using any imaging-guided technique were excluded. If the cytology and the BCPB were not diagnostic, the procedures subsequently performed to obtain a final diagnosis were reviewed (video-assisted thoracic surgery, fibrobronchoscopies, surgical biopsies, etc).
Pleural effusions were diagnosed as TBPE if: granulomas were found in pleural biopsy tissue samples; Ziehl-Neelsen stains or Lowenstein cultures of the effusion or biopsy tissue samples were positive; Ziehl-Neelsen stains or Lowenstein cultures of sputum samples were positive if the pleural effusion was accompanied by pulmonary infiltration; or patients <40 years of age with values of adenosine deaminase (ADA) >45 U/L and a percentage of lymphocytes >80% in the pleural fluid (15) . Pleural fluid was considered to be a malignant pleural effusion (MPE) if the cytology or pleural biopsy was positive for malignancy. A paramalignant effusion was defined as a pleural effusion associated with a known malignancy and with no direct pleural involvement with the tumour when no other cause for the effusion could be found (24) . The diagnoses of other pleural effusions were made according to previously defined criteria (2) . The BCPB was performed, without distinction, with Cope (25) or Abrams (26) needles. At least four samples were sent to pathology and one to microbiology for culture of Mycobacterium tuberculosis (2) . The follow-up period was at least one year after the diagnosis for all patients.
RESuLTS
A total of 658 BCPBs performed in 575 patients were examined. Pleural tissue was not obtained in 68 patient samples (10.3%). A total of 83 patients underwent two biopsies, three patients underwent three and two underwent four. The biopsy was repeated if the pleural fluid and the previous biopsy had not been diagnostic, and the suspicion persisted that the effusion was of malignant or tuberculous origin. The characteristics of the patients studied are summarized in Table 1 , and the numbers of BCPB/year performed over the study period are illustrated in Figure 1 . The samples were examined by 14 different pathologists, but two (JA and IA) reported on 67.6% (n=453).
The final diagnoses of the patients studied are shown in Table 2 , as well as the diagnostic yield of the BCPB for each diagnosis. Of the 575 patients included in the study, 201 had an MPE (35%). The cytology was positive in 139 patients (69.2%) and BCPB positive in 119 (59.2%). This technique diagnosed 21 patients with a negative cytology (diagnostic improvement 15%). The remaining 41 patients were diagnosed by performing video-assisted thoracic surgery (38 cases) and thoracotomy (three patients). Granulomas were observed in the BCPB in 77% (87 of 113) of the patients with a TBPE (19.7% of all patients) and, in an additional 17 (15%) in whom granulomas had not been observed, a positive Lowenstein culture was obtained in the biopsy (total sensitivity 92%). The other nine patients were <40 years of age, had a compatible clinical picture, and had an elevated ADA level and >80% lymphocytes in the pleural fluid.
The overall sensitivity of the BCPB was 33.9% if all the biopsies performed are taken into account. The specificity and positive predictive value for the diagnostic yield of MPE and TBPE was 100%. The probability of a case being neither tuberculosis nor pleural neoplasia (negative predictive value) when the pleural biopsy specimen was nonspecific (taking into account the total of the procedures performed [n=658]) was 71%, although a negative result does not exclude these diagnoses.
There was no change in the diagnosis throughout the follow-up period. In the specific case of paramalignant effusions, 90 pleural fluid cytologies were performed in the follow-up year and none were positive.
A complication following BCPB was recorded in 95 (14.4%) of the procedures. A pneumothorax was documented in 62 (9.4%) and 12 (1.8%) required a chest drain. Intense chest pain following BCPB occurred in 37 (5.6%) procedures (34 with pneumothorax and three due to tearing of nerve fascicles in the biopsy). A vagal reaction occurred in 27 (4.1%) cases; in two cases, samples of lung were obtained and of the liver in another. No cases of hemorrhage, sepsis or death were reported.
DISCuSSIOn
When pleural fluid cytology is negative in a suspected case of MPE, there are several options for further investigations, including BCPB. However, in the past few years, several studies have shown that image-guided pleural biopsy and pleuroscopy have a higher yield in the diagnosis of MPE (10,12). The relatively low yield of BCPB is due to scarce, patchy and irregular distribution of the tumour invasion of M Male; F Female the pleura, while the focal area of abnormal pleura can be biopsied with an image-guided cutting needle biopsy. With the emergence of pleuroscopy, the use of BCPB has declined significantly, especially in the developed world. Thus, some Western medical councils now no longer require competence in performing pleural biopsy by pulmonary and critical care specialists for their accreditation (27) . While some authors consider the use of BCPB to be obsolete (28) , others consider the decline in use to be a result of Western advancement (29) and vindicate its place in the study of a pleural exudate, particularly in countries were TBPEs are a problem and there is limited access to more expensive technologies (6) . This is because, in these cases, BCPB has an increased diagnostic yield (7) similar to that of pleuroscopy (30) while there are no available data for image-guided pleural biopsy. Our results suggest that BCPB is a technique that still has an important role in the study of pleural exudates. Thus, 59.2% of the MPE and 92% of the TBPE were diagnosed with this procedure, with an overall sensitivity of 33.9%. These results are similar to those obtained by Tomlinson (13) in a review of pleural biopsy yield from 2893 examinations performed between 1958 and 1985 (published in 14 articles), in which a diagnosis was obtained in 57% of the MPE and in 75% of the TBPE (13) (similar to ours, if we do not include the biopsy culture).
The diagnostic yield obtained in MPEs (59.2%) was in the range reported by other authors ( (33) reported slightly lower diagnostic sensitivities of 60% and 62%, respectively. On the other hand, in another four series, the sensitivity varied between 43.8% and 48.5% (3, 10, 34, 35) . These data are important is assessing the improvement in the diagnostic sensitivity of the cytology that BCPB provides, which was 15% in our series, and would have avoided one pleuroscopy for every seven BCPB that were performed -figures slightly lower than those obtained in a review on this topic (an improvement of 19.4%, and the need for 5.2 BCPB to avoid one pleuroscopy) (36) . This improvement varies between 7% and 27% in the literature (37, 38) for a similar cytology yield (71% and 72.6%, respectively). Lung cancer was the most common origin of MPE in our series (the majority [75%] being adenocarcinomas), followed by breast cancer and lymphoma, with a slightly higher diagnostic yield of BCPB in the former (61% versus 52.5% and 50%, respectively). Few mesotheliomas are diagnosed in our region (6) (four cases in the present series), likely due to the limited settlement of industry associated with asbestos in our area. The BCPB was diagnostic in 33.3% (six biopsies were needed to diagnose two cases), much lower than the 71.4% of Beauchamp et al (39) and higher than the 20.7% reported by Boutin et al (40) .
The diagnostic sensitivity of BCPB in TBPE (92%) was similar to that reported in previous studies by our group (7) and by other authors (5) . The remaining cases were diagnosed based on the observation of patients <40 years of age, with an ADA level >45 U/L and lymphocyte count >80% (19 cases) (15) . Our usual practice is to attempt to confirm the diagnosis by performing a pleural biopsy because ADA level and the percentage of lymphocytes are markers that are not provided in the culture or yield information on whether resistance is present. In areas with a high incidence of tuberculosis and a low level of resistance, an elevated ADA level, along with a lymphocytic exudate, could establish the diagnosis. If there is also a high level of resistance, it is very risky to have confidence in the diagnosis and treatment based only on these markers. In these cases, it is recommended to perform a biopsy and culture, and determine drug susceptibility (41) . The practical consequence of this elevated diagnostic sensitivity is that pleuroscopy will only be needed on few occasions to diagnose this pleuritis. In a review of nine series, mainly performed in Europe and the United States, the sensitivity of BCPB in TBPE was 54% (48 of 89), and was 7.6% of the total cases studied (89 of 1167) (3, 10, (31) (32) (33) (34) (35) 37, 38) . It may be that tuberculosis was not a problem in the geographical areas where these studies were conducted, but this is not the situation in emerging and developing countries where tuberculosis is a major public health problem and the resources that they have to combat it are limited.
The overall sensitivity of BCPB in our series was 33.9%. However, it does appear that this is the best indicator to assess the diagnostic yield of this technique because the results will depend on, among other factors, the case mix of each series (better yield when more TBPE are included) or on the number of cases included with diagnoses other than MPE or TBPE. Thus, in our series, the fact of having performed a BCPB simultaneously in 81 patients who were subsequently diagnosed with acute inflammatory pleuritis has led to the overall yield of BCPB being lower. This is because it is sometimes difficult to differentiate these cases from TBPE. Thus, it seems more useful to assess its diagnostic sensitivity in accordance with the yield obtained in the diagnosis of BCPB Blind closed pleural biopsy a particular condition. No false-positive results with BCPB have been reported in any of the series, including ours, which shows that it is a highly specific technique. Pleural tissue was not obtained in 68 of the 658 BCPBs (10.3%). This result is consistent with those obtained by other authors in which the ranges varied between 9% by Koegelenberg et al (11) and 29% in the series by Walshe et al (42) (performed by nonrespiratory teams). Other series obtained pleural tissue in 79% (3) and 90% (43) of cases.
The complications recorded were limited to pneumothorax (62 [9.4%] patients, of whom 12 [1.8%] required a chest drain), chest pain (34 [5.2%] patients who had pneumothorax and an additional three in whom nerve fascicles were obtained in the biopsy), a vasovagal reaction (27 patients [4.1%] ) and obtaining a specimen of other organs (two from the lung and one from the liver). The complications reported after BCPB in other series are, in general, also low, and are limited to a pneumothorax (with the need of a chest drain in 1% of cases), pain or bruising at the puncture site, vasovagal reaction, biopsy of other organs and hemothorax (1, 3, 5, 13, 32, 43) , although in one series, two deaths were reported after experiencing a hemothorax (37) .
The most important limitation of our study was its retrospective nature. The phase of the disease at the time of diagnosis was also not taken into account, which could have influenced the diagnostic yield of BCPB. This should be higher in advanced phases because it is more likely that the outer pleura are also affected, in addition to the visceral pleura. Many different chest physicians (staff members or residents) performed the BCPB throughout the study, and their experience with the procedure, which could influence the results, as well as complications, were not taken into account. It could also be argued that some of the effusions labelled as paramalignant were, in fact, an authentic MPE in which the diagnostic tests may have been negative. This appears to be highly unlikely because, at the time of diagnosis, all of them had mediastinal lymph nodes in the computed tomography scan that would lead to a blockage of lymphatic drainage and the subsequent pleural effusion. Besides, no malignancy was found in the 90 pleural fluid cytologies that were performed during the year of follow-up.
That the diagnostic yield of image-guided pleural biopsy is superior to BCPB is unquestionable, due to the information that it provides (size of effusion, presence of loculations, pleural nodes, etc), which helps in selecting the ideal puncture site and avoids potential complications. Although the present study was not designed to assess economic aspects, the costs of image-guided pleural biopsy and pleuroscopy (training of doctors, hospital stay, etc) are considerable and, for these reasons, have a significant impact in financial terms. We should consider whether all radiologists are trained to obtain image-guided pleural biopsies and if they would be available when needed. The sensitivity of BCPB in the diagnosis of MPE and TBPE in our series was sufficiently high to take these factors into account. This is of particular importance in areas with limited resources and difficulties with access to pleuroscopy or to imaging tests needed to guide the biopsy. On the other hand, it is likely that BCPB would be better tolerated than pleuroscopy because patients with an MPE are generally in a poorer state of health and, therefore, the risk associated with any type of surgery is also avoided. Furthermore, if pulmonologists abandon BCPB, new generations would not be familiar with this technique and those working in hospitals with limited resources will not be able to perform pleural biopsies and must transfer patients to tertiary hospitals to obtain a small pleural tissue sample.
SuMMARy
Our results suggest that BCPB still has an important role in the study of pleural exudates, particularly when malignancy or tuberculosis is suspected. In the diagnosis of an MPE, if an image-guided technique is not available, it seems reasonable, given its sensitivity, to perform a BCPB before resorting to a pleuroscopy because it helps to improve the diagnostic accuracy of cytology and avoids one pleuroscopy for every seven BCPB that are performed. Similarly, the high sensitivity obtained in the diagnosis of TBPE, a widely prevalent disease in developing countries, suggests that resorting to pleuroscopy would only be required in a few cases. The number of complications documented, and the low severity of these, supports it as a relatively safe technique. In the suspicion of an MPE, further studies will be needed to predict which patient phenotype is more likely to benefit from this examination.
FunDInG:
This work was performed without funding.
DISCLOSuRES: All authors have signed a conflict of interest form.
There are no financial disclosures or conflicts of interest to declare. 
